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(71) We, S. Davall & Sons Limited, 
a Company incorporated under the laws of 
Great Britain, of 3 Aintree Road, Perivale, 
Greenford, Middlesex, UB6 7JE, do hereby 
5 declare the invention for which we pray 
that a patent may be granted to us and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

10 This invention concerns improvements 
relating to nayagational aids, particularly 
close-quarter navagational aids. Generally 
aids in current use suffer from the disadvan- 
tage that their accuracy, expressed as a per- 

15 centage of the distance being measured, de- 
clines at short ranges. The present invention 
seeks to provide an aid to navigation, and 
a method of navigating or positioning a 
vessel, aircraft or vehicle (hereinafter termed 
20 a craft), which have characteristics particu- 
larly suitable for operation at short dis- 
tances, for example within a range of 3 to 
300 meters, but without limitation to those 
figures. 

25 The navagational-aid apparatus and 
method of the invention depend upon the 
use simultaneously of electromegnetic and 
sonic links. As electromagnetic link, use will 
generally be made of a radio signal link, 

30 but other signals within the electromagnetic 
spectrum may be employed, including light, 
infra-red and ultraviolet signals. Sonic links 
may be by gas or liquid transmission, in 
practice through air or water. 

35 Navigational-aid apparatus in accordance 
with the invention comprises, on a target 
station or a craft station, at least two trans- 
mitters, separated by a base-line distance, 
of distinguishable sonic signals and a trans- 

40 mitter of electromagnetic signals and, on the 
craft station or the target station respec- 
tively, three receivers for the sonic signals 
and a receiver for the electromagnetic 
signals, the receivers for the sonic signals 

45 being in two positions separated by a base- 



line distance, there being two receivers, one 
for each sonic signal in one of said position 
and a receiver for one of the said sonic 
signals in the other position, while the 
station having the said receivers is provided 50 
with timing means for determining the 
elapsed times between the reception of the 
electromagnetic signal and the reception of 
the respective sonic signals. 

The electromagnetic and sonic signals may 55 
be produced by simultaneous switching of 
respective carriers or simultaneous modula- 
tion thereof to form repeated pulses. The 
information provided by the signals is then 
"updated" at each set of pulses. 60 

One manner of carrying the invention 
into effect will now be more fully described, 
by way of example, with reference to the 
accompanying diagrammatic drawings, in 
which: 65 

Fig. 1 is a plan view showing an equipped 
craft approaching an equipped fixed object, 
Fig. 2 is a block diagram for a transmit- 
ting station, 

Fig. 3 is a block diagram for a receiving 70 
station, and 

Fig. 4 is a diagram for a simple form of 
timing or coding system. 

For the purposes of this example, it will 
■be assumed that the craft is a seaborne 75 
vessel 1, Figure 1, to be navigated in rela- 
tion to a fixed object or "target'*, such as 
the platform 2 of an offshore oil rig, a 
lighthouse, harbour installation, jetty or the 
like. 80 

The target is provided with two trans- 
mitters 3 and 4, of distinguishable sonic 
signals, at base-line distance d apart Suit- 
ably the transmitters 3 and 4 transmit at 
3 KHz and 5 KHz respectively and are 85 
separated by a distance d of 10 metres . The 
target is also provided with a radio trans- 
mitter 5. 

The craft 1 has three sonic receivers in 
two positions, for instance 5 KHz and 3 KHz 90 



receivers 6 and 7 respectively in one position 
and a single 5 KHz receiver 8 in the other 
position; the base-line distance between the 
twb , positions being again, say. TO metres. 
5 A 0$k> receiver 9 is also provided on the 
citf L 

; If/he transmissions from both sonic traris- 
nM|i|rs 3 and 4 are received at the one 
gdlitton on the craft by the recievers 6 and 
10 7, fife ranges being Rl and R2 respectively. 
At the other position on the craft, only the 
one transmission, from 4, will be received by 
the receiver 8 at range R3. As will be under- 
stood, this combination will never permit 
15 of more than two transmitter/receiver p^fhs 
of identical lengths. Often all three path 
lengths will fee dafeent Any cqm- 
bination of path l^nglSs (3-6, 4-7 and t : S) 
indicated by the ekp§^ times between the 
20 arrival of the simultaneiausly transmitted 
radio signal jand |he |e&]^tive #rfivafe of 
tile ^mc sgnais will d§S£nbe a ^si^n and 



attitude of T&e $m%/i'k&;>re>Uc&m> in 
particul^ cap, the e$ 
25 said to $&SE0*^MtQ. .pipits at 1 
asilsrepce to tifce tatgit m.^0m> ' ] 
^m^$ p^fem co^d n|ft fee 
in pormll practical m^^n:^ ifiat the 
information pmviifd is jfc&mbigu§iis. 
30 The sonic and radio. trans^sioBs may, 
as assumed in the following description, k be 
used as carriers upon all three df which 
short pulses or %urilts" are smiul- 

taneously inpre^ed. The pulSe duration is 
35 suitably of me order of a few millisec^jfels 
and th$ pulse interval of ftje order of a few 
sedoiicls, ibr instance a duration of 4 ms with 
a 1 second interval. Fig. 2 illustrates how a 
pulse generator 10 may be used to coftferol 
40 the simultaneous transmission of signal 
pulses from the one radio transmitter 5 With 
aerial 5' and the osd?$atofs of the some 
transmitters 3 and 4 with loud speakers 3', 
4'. 

45 At the receiving station (Fig. 3), the sonic 
signals received by microphones 6', 7', 8' 
of the receivers 6, 7, 8 are fed to fitters 
11, designed to pass only the iagnal resgec- 
lively required. amplifiers 12 and ptifee 

50 shapers 13. The ra<go signal from the re- 
ceiver 9 is also fed to a pulse shaper 13. 
Depending upon the lengths of the paths 
Rl, R2 and R3, tfce pulses from the sonic 
receivers will be differently time-displaced 

55 in relation to the pulse from the radio re- 
ceiver. Tihe shaping of the sonic pulses is 
such that they have opposite polarity to 
fee radio pulse. 
(For obtaining a measure of each time 

60 displacement, the sonic pulses from the pulse 
shapers are fed (Fig. 4) as "stop" signals 
to respective digital or other electronic 
timers 14 or timing mechanism to which the 
radio pulse is fed as "start" signal. 

65 The timers may be simply calibrated, for 



example, in terms of the time taken for 
sound to travel 1 foot in air, in which case 
1 "count" is equal to 1 foot of range. Indi- 
cation may be provided directly in length 
units. The three range readings may be 70 
integrated by w£H lmo^ii means to produce 
a single range and bearing inditation or a 
disply presenting a plan position of the craft 
1 in relation to the target 2. 

As the above described . operation is re- 75 
peated on reception of each set of pulses by 
the receivers 6 to % the information pro- 
vided is up-dated at very short intervals 
of time, i.e. every second with a pulse inter- 
val of one second, The pulse interval will 80 
be selected to suit pailiciilax requirements. 
A longer interval ti^n orie secpffil niay nor- 
mally be r^nij^d, ks otherwsfe the maxi- 
mum usable raiiTO of Hie a|jpai&tus could 
be inmecessl^y tff incorrect 85 

tat/|iLee^ft^B. 



simple n 1 
to iHustiSte the 
tar|£es of 1(> 

the radio ; |pf to i 
is negligibly shdft i 
quired by the pine 
velocity is about I5< 




Will serve 
.Dis- 
til twigt of 90 
#ie token by 90 
the- 95 metres 
t-'Wmkm to; that re- 
^^^ l .^. : ^0hr the 
P^^c $k w£ter and 
cbnpl^tBy Btt' & 'J^'W i ^, 95 
pagation of the sigrmls aloiig the direct paths 
3-6 and 4-8 will take about €0 milliseconds 
and ilat'oC :: te''i^at: < ^H oblique 
path 4-7 'item <§DJ .0mk$$d&' Such 
periods can bb a<&urat$y #i^imined by 100 
appa&tiis whidi is r^a|^ejy sifl^>le and 
capaKfe of ying dfem^d % persons of 
only moderate skill. 

Conversion of 'measured time periods into 
distances will depend oil the velocity of 105 
the Sonic sipato ftK&By. ifce velocity may 
be d^termin&J by cotttlnuoiis mo^tonng on 
the crsift oir ffbttt a t&mwt sigitel trans- 
mitted to the ciaft On &§i^ft, the velocity 
mine may then be introduced ittto the tun- 110 
ing system by automatical or manually 
adjustable means. 

More than Wo sonic transmitters and 
three receivers may be employed and they 
may be disposed in <xtobi«aT|on t£f positions 115 
other th^i that de^rfb^d $bove. In rela- 
tion to what has been desciibed above, the 
locations of ihc transmitters and receivers 
on the target and craft may be reversed. 

As shown in the examine ffltistfated in 120 
(Fig. 1, the receivers 6, 7, 8 aie disposed 
athwart the craft 1. For some purpose, 
use may be m$de of an array disposed 
longitudinally of a craft or of an adjust- 
ably disposed array. 

In practice, the two sonic frequencies em- 
ployed will preferably be selected from with- 
in a range of the order of from 2 to 10 KHz. 
The actual frequencies will be selected to 
be readily distinguishable, in which connec- 
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tion passible harmonic difficulties should be 
taken into account. 

WHAT WE CLAIM IS:— 

1. Navigational-aid apparatus compris- 
5 ing, on target station or a craft station, at 

least two transmitters, separated by a base- 
line distance, of distinguishable sonic signals 
and a transmitter of electromagnetic signals 
and, on the craft station or the target station 

10 respectively, three receivers for the sonic 
signals and a receiver for the electromagnetic 
signals, the receivers for the sonic signals 
being in two positions separated by a base- 
line distance, there being two receivers, one 

15 for each sonic signal, in one said position 
and a receiver for- one of the said sonic 
signals in the other position, while the 
station having the said receivers is provided 
with timing means, for determining the 

20 elapsed times between the reception of the 
electromagnetic signal and the reception of 
the respective sonic signals. 

2. Apparatus according to claim 1, where- 
in the electromagnetic and sonic signals pro- 

•25 duced by simultaneous switching of respec- 
tive carriers to form repeated pulses. 

3. : Apparatus' acooiding . to claim 1. where- 
in the" etectromagnetic and sonic signals are 
produced by simultaneously modulating re- 

30 spective carriers with repeated pulses. 



4. Navigational-aid apparatus substanti- 
ally as hereinbefore described with reference 
to the accompanying drawings. 

5. A method of determining the relative 
position of a craft, which comprises trans- 35 
mitting simultaneously, from separate posi- 
tions on a target or craft station, distinguish- 
able sonic signals and an electromagnetic 
signal and receiving the sonic signals on the 
craft station or the target station respect- 40 
ively at two separate positions, both sonic 
signals being received at one position and 
one sonic signal at the other position, timing 
the reception of the sonic signals with refer- 
ence to that of the electromagnetic signal, 45 
and determining from the timings three 
ranges from the first named two positions 

to. the second named two positions, which 
three ranges define a position of the craft. 

6. A method of determining the relative 50 
position of a craft substantially as herein- 
before described with reference to the 
accompanying drawings. 

JENSEN & SON 
Agents for the Applicants 
8 Fulwood Place 
High Holborn 
London WC1V 6HG 
Chartered Patent Agents 
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